INTRODUCTION
Households are food insecure when access to nutritionally adequate and safe foods is limited, uncertain, or dependent on emergency food supplies, scavenging, or stealing. 1, 2 In the United States, food insecurity is primarily caused by a lack of financial resources. Rates of food insecurity in the United States have been rising since 1999. 3, 4 In 2004, almost 40 million people (12% of the population) lived in households experiencing food insecurity. 3 Eleven million people lived in households experiencing the most severe form of food insecurity, food insecurity with hunger. 3 Common household responses to inadequacies in food supplies and food budgets include anxiety about food insufficiency, food budget adjustments, alterations in the types of food served, and reduced food intake. 1 With severe food insecurity, individuals miss meals or report hunger because of the inability to afford food. 2 Among women in the United States, mild-but not severefood insecurity is associated with weight gain and obesity. This "obesity-hunger paradox" may be driven by changes in dietary intake in response to food insecurity. 5 Cheaper food alternatives, such as refined grains, added sugars, and added fats tend to be nutritionally poor but calorically dense. 6 With mild food insecurity, daily caloric needs are maintained, and often exceeded, by these substitutions. 5 With severe food insecurity, similar food substitutions may occur, but caloric requirements are less likely to be met. Obesity and weight gain are strong risk factors for type 2 diabetes; for every kilogram increase in weight, the risk of diabetes increases 4.5%. 7 Although there are clear associations among food insecurity, dietary consumption, weight gain, and obesity, 8, 9 little is known about the relationship between food insecurity and diabetes.
Using a nationally representative sample, this paper explores whether a relationship exists between food insecurity and diabetes and whether such a relationship is independent of obesity. We evaluate risk of diabetes according to level of food insecurity (mild vs. severe) because the food insecurity-obesity relationship differs by level of food insecurity.
METHODS

Sample
We combined data from the 1999-2000 and 2001-2002 waves of the National Health Examination and Nutrition Examination Survey (NHANES). NHANES is a cross-sectional, nationally representative survey of the non-institutionalized U.S. civilian population administered by the National Center for Health Statistics (NCHS). 10 Details of recruitment and study procedures have been previously published. 11 We excluded participants under 20 years of age because our outcome of interest was type 2 diabetes and pregnant women to increase the accuracy of the body mass index (BMI) measurement. Because food insecurity in the United States affects predominantly the poor, we restricted the analysis to individuals reporting a household income ≤300% of the federal poverty level (FPL).
Independent Variable
The core food-security module used in NHANES is a wellvalidated questionnaire developed by the United States Department of Agriculture (USDA) to measure the presence of food insecurity at the household level. 1 This standard survey has been used in a number of large, population-based surveys. [12] [13] [14] It includes 18 items, 10 of which refer to adults in the household and 8 of which refer to children. We used responses to only those 10 items referring to adults. These questions address anxiety that the household food budget or food supply may be insufficient to meet basic needs, the experience of running out of food without money to obtain more, perceptions that food is inadequate in quality or quantity, adjustments to normal food use (such as substituting fewer and cheaper foods than usual), reduced food intake, the physical sensation of hunger, and weight loss. 1 The standard scale for adults is used to create a 4-level categorical variable: 0-2, 3-5, 6-8, or 9-10 affirmative responses. 1 Because few NHANES participants reported having the most severe level of food insecurity, NCHS made 2 changes to the standard scale; they collapsed the 2 most severe levels of food insecurity into a single category and created a new category of marginal food insecurity (1-2 affirmative responses). Thus, data are released from NCHS with the following categories: 0, 1-2, 3-5, or 6-10 affirmative responses. Given these constraints, we maintained an adequate sample size for the analysis and simplified presentation of our results by reporting "food security" (0 affirmative responses), "mild food insecurity" (1-5 affirmative responses), and "severe food insecurity" (6-10 affirmative responses).
Dependent Variables
We examined body mass index (BMI), waist circumference, and diabetes as dependent variables. We calculated BMI as measured weight (in kilograms) divided by the square of measured height (in meters). We analyzed BMI as both a continuous and dichotomous variable (BMI < 30 vs BMI ≥ 30 kg/m 2 , corresponding to the standard definition of obesity 15 ).
Whereas BMI is a good measure of overall adiposity, waist circumference may more accurately reflect visceral adiposity. 16 We also evaluated waist circumference as a dependent variable because visceral adiposity may be a stronger predictor of diabetes than overall adiposity. 17, 18 Our primary outcome of interest was diabetes. Diabetes was defined for most participants by a self-reported diagnosis of diabetes. The specificity of a self-reported diabetes diagnosis is as high as 97%. [19] [20] [21] There is significant variability in the sensitivity of a self-reported diagnosis of diabetes. 20, 21 To investigate the sensitivity in our sample, we determined that of the 2,214 patients who had a fasting serum glucose measured, 92 had a value ≥126 mg/dL but did not report having diabetes. For the statistical analysis, we also considered these patients to have diabetes to reduce the misclassification rate.
We did not consider patients to have diabetes if they were likely to have a diagnosis of type 1 diabetes. Using the method of Koopman et al, we excluded from the diabetes group participants who reported a diabetes diagnosis before the age of 30 years and treatment with insulin. 22 Ninety-two percent of NHANES participants identified as having type 2 diabetes by this method have a C-peptide level ≥0.50 nmol/L (consistent with a diagnosis of type 2, rather than type 1, diabetes).
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Statistical Analysis
All results, except where indicated, are weighted to represent the US population. We used the complex survey commands in Stata 9.2 (College Station, TX) to obtain weighted estimates, standard errors, and p values which correctly reflect the stratification and clustering of observations induced by the complex survey design. We used either the mobile examination center or interview weights provided by the NCHS, as appropriate; both reflect differential sampling probabilities and non-response. 11 We compared differences in baseline characteristics using the design-based F statistic (equivalent to a chi-squared or t test adjusted for the complex survey design). We used linear or logistic regression, as appropriate, to assess the association of food insecurity with BMI, waist circumference, obesity, and diabetes. We present results stratified by gender for the BMI, waist circumference, and obesity outcomes because of gender-related differences in observed associations. Our covariates included sociodemographic factors known to be associated with diabetes: age, race/ethnicity (self-reported non-Hispanic White, non-Hispanic Black, Hispanic, or other/ multiple), parity (women only; 0, 1-2, 3-5, or 6+ live births), household income, family history of diabetes in a sibling or parent, educational attainment (less than high school, high school degree, or more than high school degree), and level of physical activity. We defined household income using a 6-level income/poverty ratio (0-50% of the federal poverty level, 50.1-100%, 100.1-130%, 130.1-200%, or 200.1-300%). We used as covariates 3 questions assessing occupational, vigorous leisure-time, and moderate leisure-time physical activity. The occupational leisure-time question asked people to describe their "usual daily activities" as sitting and not walking around very much, standing a lot but not having to carry or lift things very often, having to lift light loads or climb stairs or hills often, or having to do heavy work or carry heavy loads. The leisuretime physical activity questions asked participants whether they had done vigorous (causing heavy sweating or large increases in breathing or heart rate) or moderate (causing light sweating or a slight to moderate increase in breathing or heart rate) physical activity during leisure-time exercise, sports, or physically active hobbies during the last 30 days.
NHANES includes a detailed 24-hour dietary recall. Information from the recall is used to estimate total nutrient intake using the University of Texas Food Intake Analysis System and the USDA Food and Nutrition Database for Dietary Studies. 23 We compared differences in estimated total daily caloric and carbohydrate intake using a design-based F statistic. In a sensitivity analysis, we included daily caloric and carbohydrate intake in the full model evaluating the association between food insecurity and diabetes to determine whether dietary intake mediated observed relationships.
To maintain a consistent sample throughout the analysis, we included only individuals for whom we had complete information about household food insecurity, BMI, waist circumference, and diagnosis of diabetes. We also performed a sensitivity analysis evaluating the association between food insecurity and diabetes among all participants for whom we had information about these 2 variables (n=2,649 females and 2,497 males), without excluding individuals lacking a BMI or waist circumference measurement. Results were similar to our primary analysis.
RESULTS
NHANES 1999-2000 and 2001-2002 included 2,690 nonpregnant women and 2,532 men aged 20 years or older with a household income ≤300% of the FPL. We excluded those participants for whom we were unable to determine their level of food insecurity (n=72), BMI (n=640), waist circumference (n= 641), or diabetes diagnosis (n=4). These exclusions left a total sample size of 4,423 participants, of whom 413 in the food secure category had diabetes, 134 in the mild food insecurity category had diabetes, and 47 in the severe food insecurity category had diabetes. Overall, food insecure individuals were younger, more likely to be from a racial or ethnic minority group, were poorer, and had achieved less educational attainment than food secure individuals (Table 1) .
After adjusting for age, race/ethnicity, parity, income, educational attainment, and physical activity, women with mild food insecurity had higher obesity rates, mean BMI, and mean waist circumference than either food secure or severely food insecure women, whose values were similar to one another (Table 2) . For an average-height woman in the United States (162 cm), 24 the greater BMI among mildly food insecure women compared with food secure women (Δ=2.0 kg/m 2 ) is equivalent to a weight difference of 5.2 kg. We did not observe a relationship between food insecurity and obesity among men. Unadjusted results were similar to adjusted results for both women and men. The estimated prevalence of diabetes in the food secure, mildly food insecure, and severely food insecure categories was 11.7%, 10.0%, and 16.1%. Compared to adults who were food secure, the odds of diabetes was 1.2 (95% CI 0.8-1.8) for those with mild food insecurity and 2.1 (95% CI 1.1-4.0) for those with severe food security after adjusting for gender, age, race/ ethnicity, parity, income, family history of diabetes, education, and physical activity (Table 3) . This relationship persisted after further adjusting for BMI.
Adjusting for waist circumference instead of BMI did not alter the observed relationship between food insecurity and diabetes. Compared to the food secure category, the odds of diabetes after adjusting for all other potential confounders including waist circumference was 1.0 (95% CI 0.7-1.5, p=.8) in the mildly food insecure category and 2.0 (95% CI 1.1-3.6, p=.03) in the severely food insecure category.
We calculated mean daily caloric and carbohydrate intake to determine whether differences in diet might mediate the observed relationship between food insecurity and diabetes. Among women, the estimated mean daily caloric intake was 1,780 kcal/day in the food secure category, 1,822 kcal/day in the mild food insecurity category (p=.3 compared to food secure women), and 1,876 kcal/day in the severe food insecurity category (p=.2 compared to food secure women). Among men, the estimated mean daily caloric intake was 2,549 kcal/day in the food secure category, 2,759 in the mild food insecure category (p=.09 compared to food secure men), and 2,543 in the severe food insecure category (p=.9 compared to food secure men). Among women, estimated mean carbohydrate intake was 233 g/day in the food secure category, 237 g/day in the mild food insecurity category (p=.4 compared with food secure women), and 242 g/day in the severe food insecurity category (p=.4 compared with food secure women). Among men, mean carbohydrate intake was 314 g/day in the food secure category, 339 g/day in the mild food insecure category (p=.09 compared with food secure men), and 311 g/day in the severe food insecure category (p=.8 compared with food insecure men). After adding daily caloric and carbohydrate intake to the models including gender, age, race/ethnicity, parity, income, family history of diabetes, educational attainment, level of physical activity and BMI, mild food insecurity was associated with a 1.1 (95% CI 0.7-1.6, p=.7) higher odds of diabetes and severe food insecurity was associated with a 2.2 (95% CI 1.2-4.2, p=.01) higher odds of diabetes.
CONCLUSIONS
Of the almost 40 million people in the United States living in food insecure households, almost 25 million of them are adults over the age of 18 years. 3, 4 This study in a nationally representative sample of Americans finds that food insecurity is independently associated with diabetes. Although obesity among women is also associated with mild food insecurity, the increased obesity rates account for only 20% of the increased odds of diabetes among these women. Prior evidence suggests that food insecurity may be associated with general health status and chronic disease, including major depression, diabetes, and hypertension. 25, 26 This is the first study, to our knowledge, to find an association between food insecurity and diabetes in a nationally representative sample and the first to suggest that the association between food insecurity and diabetes is independent of BMI. Individuals living in food insecure households may substitute preferred foods with cheaper alternatives. 1, 5, 6, 27, 28 These cheaper alternatives tend to be nutritionally poor but calorically dense, allowing individuals to maintain-and potentially exceed-their caloric requirements. 6 For example, in other studies food insecurity has been associated with reduced consumption of fruits and vegetables and an increased percentage of caloric intake from fat (including saturated fats) and refined carbohydrates. [29] [30] [31] These diets have been associated with the development of diabetes. 8, [32] [33] [34] The association between food insecurity and diabetes may also stem from the cyclic nature of food insecurity, either because of monthly paychecks, monthly Food Stamp Program assistance, or periodic, unforeseen competing needs. 2, 35, 36 Individuals with episodic underconsumption may overcompensate during times of relative food adequacy resulting in binge-fast cycles. 37, 38 This pattern of dietary intake has also been linked to insulin resistance. [39] [40] [41] Our evidence suggests that the relationship between food insecurity and diabetes differs from the relationship between food insecurity and obesity. From an evolutionary perspective, survival advantage may have been bestowed on those who could conserve muscle protein during times of famine, rather than destroying it to produce usable energy for the brain. Peripheral insulin resistance helps achieve this evolutionary advantage, but may ultimately result in the failure of insulinproducing beta-cells and diabetes. 42 Repeated episodes of inadequate access to food could exacerbate this tendency toward insulin resistance. Chronic stress might also mediate the relationship between food insecurity and diabetes. Individuals in food insecure households report high levels of anxiety and worry. 43, 44 Stress has been associated in previous studies with adiposity, particularly the visceral adiposity, which may be a stronger risk factor for diabetes than overall adiposity. 45, 46 However, visceral adiposity, as measured by waist circumference, did not appear in this study to be a strong mediator of the food insecurity-diabetes association. Our data are limited by the sensitivity of a self-reported diagnosis of diabetes for some NHANES participants. Including elevated fasting plasma glucose as a criterion for diabetes diagnosis helped address this problem, but only a subset of our sample had a fasting glucose measured. Because access to medical care is more limited among those who are food insecure, 47 this bias conservatively influences our results.
Several other methodologic issues also limit our results, but in the first 2 cases the expected bias is likely conservative. First, we were unable to use standard cut points for categorizing food insecurity because of the format in which data were released from the NCHS. The "mild food insecurity" category used in this paper therefore includes a population with less severe difficulties accessing food than the USDA's standard "food insecurity without hunger" category. Second, food insecurity is a household measure, whereas diabetes is an individual-level outcome. Preliminary evidence suggests that when there is household food insecurity at a level severe enough to result in hunger for any household adults, most, if not all, of the adults in the household are usually affected. 1 We are unaware of any validated individual-level measures of food insecurity. Third, differential nonparticipation in the study population may have biased the observed association. Finally, our data are cross-sectional, so we cannot determine whether food insecurity is a risk factor for diabetes or if diabetes is a risk factor for food insecurity. Diabetes might heighten individuals' awareness of inadequate access to healthy foods. Alternatively, individuals with diabetes may preferentially allocate limited resources toward medical expenses, resulting in increased levels of food insecurity. 27 Patients with limited financial resources may struggle to obtain nutritious foods, both because of their high cost 6 and because nutritious foods are less often stocked in stores located in low-income neighborhoods. 48, 49 Clinicians offering dietary counseling must be cognizant of the additional barriers food insecurity poses to healthy dietary intake. Future research should address the most effective strategies for counseling patients with limited financial resources to make healthy dietary changes. For example, reducing portion size may be a more practical dietary strategy than many food substitutions. Further evaluation is also necessary to determine whether policies that decrease food insecurity, such as expanding access to nutritional assistance programs (e.g., the Food Stamp Program), also decrease rates of diabetes. Diabetes prevention efforts in underserved communities should consider the impact of food insecurity on dietary choices and diabetes risk. 
